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Sm : In obedience to the orders of the Bureau of Steam Engineering 
" to make a series of experiments to determine the value and resistance 
of screw stay-bolts for boilers under different conditions, using iron, 
steel, and copper plates of different thicknesses,'' &c., we respectfully 
state that we have complied as fully as possible during the time occu- 
pied, and that every care and precaution was used to insure accuracy ; 
that in every experiment where there was the leas* doubt it was set 
aside and another trial made. Want of time prevents the discussion of 
the matter as fully as desirable; but we beg leave to submit the inclosed 
plates, data, &c., with a short resmnS of the work, results, and those 
points brought most prominently into notice during the tests. In con- 
nection with and illustrating these experiments the following tables and 
sketches are respectfully submitted : 

Tables A, A\, A*, showing comparative resistance of iron screw stay- 
bolts, under different conditions, to being pulled through iron boiler- 
plate. 

Table A^. Results (for comparison) of pulling iron screw stay-bolts 
through ''low" steel boiler-plate. 

Tables B, B^ Results (for comparisons) of pulling copper screw stay- 
bolts through iron boiler-plates. 

Tables C, C^. Results (for comparisons) of pulling iron screw stay-bolts 
through copper boiler-plates. 

Table D. Results (for comparisons) of pulling copper screw stay-bolts 
through copper boiler-plates. 

Plate X shows the arrangement of the bolts for the above tests for 
comparisons. 

Plates 1 to 45, showing data and sketch (after rupture) of the different 
experiments on iron and low steel stay-bolts, and iron^ low steel, and 
copper boiler-plates, arranged so as to represent a section of a fire-box. 

Tests to determine the comparative force necessary to pull screw stay-bolts 
of iron and copper through iron, low steel, and copper boiler-plates. 

1. All plates of each material, of the same thickness, were cut from 
the same sheet. 

2. All stay-bolts of each material were made from the same bar, or 
from bars of the same lot, which, after testing, were found to be as 
nearly similar as possible in all respects. 

3. Three specimens of each size and thickness were tested. 

4. All tests were carefully observed until rupture. Three trials eaeh 
were first made with ^" iron plates and 1" iron stay-bolts, not riveted, and 
riveted over with the ordinarj^ thin or low conical head, simply arranged so 
as to show the actual strength, to resist pulling through the plate, the sup- 
ports consisting of heavy plates, with a hole 1%" in diameter ; the boiler 
plate restingupon the heavy plate and the stay-bolt adjusted tothecenter 
of the hole 5 thus allowing the bolt to have a clear space around it equal to 
the overlapping of the riveted head on the boiler plate. The bolts not 
riveted drew out at an average strain of 32,785 pounds ; those riveted with 
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the low conical head made according to general practice, by leaving thin 
threads through to form the head, required an average strain of 35,033 
pounds to draw them through the plate ; the rivet-head giving an addi- 
tional strength of 2,248 pounds in a 1" stay-bolt. 

In testing those with low conical heads, it was observed that the bulg- 
ing of the plates caused the lap of the rivet-head on the plate to com- 
mence giving way or break off some time before the maximum strain 
was reached, thus leaving more for the threads on the bolts to sustain. 
As the strain and bulge of the plates increased, the plate around the 
bolt turned downward and outward until the threads in the plate almost 
entirely cleared those on the bolts, so that in almost every case there 
were only from one to two threads stripped or iujured on the bolt when 
it drew out ; therefore it was deemed advisable to form the head in a 
different manner, and, after several experiments, it was decided that the 
rivet-head should be made as follows: First, by leaving as much of the 
bolt through the plate as could be riveted over without injury to the 
iron, which was, in case of the excellent iron being usedj equal in length 
to about one-half the diameter of the bolt. This was riveted over in 
the following manner: A few quick, sharp blows were struck on the end, 
slightly upsetting the iron; the head was then formed to shape with a 
button-head set made to a spherical segment. 

It was found that this could be done in nearly the same time as that 
used in riveting the ordinary low conical stay-bolt heads at the Wash- 
ington yard, and with much less injury to the iron ; also, that it only re- 
quired one riveter and a helper 5 whereas, by the old method, two riv- 
eters were used. 

Three trials each were then made with J" iron plates and 1" iron stay- 
bolts (arranged as shown in Plate X), not riveted j riveted with ordi- 
nary low conical head, with 3 threads left through for riveting; riv- 
eted with button-head, a little over 5 threads left through for riveting ; 
and with button-head, the size of stay-bolt being increased to 1^". The 
supports were by bolts in each corner of the plate, 4" and 6" from center 
to center of supports ; the stay-bolt being in the center of the plate, 
equally distant from each support. 

The ultimate average strain required to pull the above bolts through 
the ^" plate was as follows : 

With 8up2)ort8 4" fronifcenter to cewfer. 

Ponnds. 

1'' bolt, not riveted 21,970 

V bolt, ordinary low conical headj 3 threads left through for riveting 25, 147 

V^ bolt, hutton-head; length of bolt left through for riveting equal to ^ diam- 
eter of bolt 33,791 

li" bolt, hutton-head; length left through for riveting equal to ^ diameter of 

bolt 38,835 

With supports b" from center to center. 

1" bolt, 07'dinary low conical head 22,137 

1" bolt, hutton-head: length left through for riveting equal to -jV diameter of 

bolt : 31,282 

1^^" bolt, hutton-h^ad; length left through for riveting equal to I diameter of 

bolt 35,812^ 

The above shows what important factors the rivet-head, and manner 
in which it is formed, as well as the size of the bolt, are to screw stay- 
bolts for surfaces resisting internal pressure. ■'.:'S^ 

Mxperwients on screw stay-bolts and plates^ arranged to represent a sec- 
tion of a lire-box, water being used to produce the strain. 
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These drawings show the apparatus as used in each experiment. It con- 
sists of a composition ring 4 inches deep, 18 inches internal and 23 inches 
external diameter, faced true on both sides, and having thirty-one holes 
for ^-inch through bolts; and on each side of the connecting-pipe to the 
pump a hole was tapped for a bolt of the same diameter. These holes 
were laid off and drilled equidistant on a circle 20J inches in diameter. 

The bolts for securing the plates to the ring were of steel, turned and 
chased to fit J-inch* hexagonal nuts. The joints between the'plates and 
ring were made with a sheet-lead gasket coated with soft red-lead putty. 

After a few experiments with stay-bolts, riveted at both ends, and 
plates of equal thickness on both sides of the ring (for economizing the 
number of plates used), a f-inch steel plate, having holes that allowed 
the stay-bolt to pass freely through them, was used for a back-plate, as 
is shown in the drawings of most of the experiments. 

The stay-bolts where they passed through the back plate were packed 
under the washer with lamp-wick and red-lead putty, and the nuts were 
screwed up firmly before the riveted head was made on the other end of 
the bolt. 

All the experimental plates were cut to the diameter of the outside of 
the composition ring, made flat, and the holes drilled accurately. 

The iron plates were selected from a lot made and delivered by the 
manufacturers at the same time. Those of the same thickness were cut 
where possible from the same sheet. 

The Otis steel plates were received of the right size and shape from the 
manufacturers. 

The copper plates were rolled per order from one quality of material at 
the navy-yard, Washington. 

The iron stay-holts were made from IJ-inch and IJ-inch round bars 
that had stood bending through 180 degrees cold without showing signs 
of fracture, and of a tensile strength ranging from 51,000 to 52,000 pounda 
per square inch. 

The Otis steel stay holts were made from bars of that material that were- 
of the diameter required for the bolts. The tensile strength per square 
inch of the 1-inch bar was 58,869 pounds, and of the IJ-inch bar 52,825- 
pounds. 

The threads on the stay-bolts were cut to screw tightly through the 
holes tapped in the plates, and the exact number stated in the data 
were left projecting to form the heads. The riveting was done with 
great care; the low conical or ordinary heads were made and finished 
with hammers in the usual manner. The upsetting for the segmental 
heads was done with hammers, and the shaping and finishing with the 
button-head set. 

Where nuts were used in the place of riveted heads, the stay-bolts- 
were screwed through the plat^ and the nuts set up tightly against it» 
The nuts were faced on their bearing side and then <£[shed out -^ of 
an inch deep, leaving a bearing surface in the form of a ring around the 
outside. The dished space was filled with red-lead putty made stiff* with 
fine iron borings. The measurements for the bulge of the plate were 
taken while the pressure was on the apparatus^ and those for the set 
were taken after it had been relieved. 

Both measurements were from points (between the stay-bolts) found to 
be the highest, and in no case were they taken from less than four places 
in each plate. 

The figures on the stay-bolts, where found in the drawings, show the 
elongation of the bolt in inches during the test. 

The pressure-gauges were frequently tested to insure accuracy. 



Forty-five (45) experiments were made with iron and steel stay-bolts^ 
and iron, steel, and copper boiler-plate, arranged to represent a section 
of a firebox. 

The steel plates and bolts were made from a low steel, manufactured 
by the Otis Steel Company, of Cleveland, Ohio. The stay-bolts pos- 
sessed a remarkable malleability, requiring comparatively very little 
hammering to form the rivet-head. In comparing the results of three 
different tnicknesses, in each case (J", f ", J" plate) of iron plates and 
iron bolts, steel plates and iron bolts, steel plates and steel bolts, the 
diameter of the bolts being 1'', IJ", and IJ", their distance apart and 
conditions of trial being the same, it was found that in the case of the 
iron plates and iron bolts the strain required to draw the bolts through 
the plates was equal to 74.77 per cent, of the tensile strength of the bolt, 
with the steel plates and iron bolts 77.36 per cent., and with the steel 
plate and steel bolts 85.42 per cent. ' 

The following is a comparison of results in regard to the best methoils 
of forming or securing the heads of screw stay-bolts for steam-boilers, 
the thickness of the plates (J") and the distance apart of the bolts (5'') 
being the same in each case ; the amounts given are in pounds per square 
inch of surface supported: 

1" bolt, ordinary low conical head (see Plate 2a) 580 pounds. 

I" bolt, button-head (spherical segment) (see Plate 36) 790 pounds. 

Difference in favor of button-head, 210 pounds, or 36.2 per cent. 

Below is a similar comparison with f " plates and bolts 6" from center 
to center: 

1" bolt, ordinary low conical head (see Plate 8/) 650 pounds. 

:l" bolt, button-head (spherical segment) (Plate 9g) 800 pounds. 

Difference in favor of button-head, 150 pounds, or 23 per cent. 

As a means of comparison for strength only, the following experi- 
ments (thickness of plates and distances apart of bolts same as above) 
were made with nuts instead of riveted heads, the nuts being of the 
standard size for the diameter of bolt used and fitted in accordance with 
the data on the sketches and note in the general explanation in regard 
to the experiments: 

Pounds. 
1" bolt, 4'' from center to center, bearing surface a little more than rivet (see 

Plate 33c) .' 1,000 

V bolt, 6" from center to center, bearing surface a little more than rivet (see 

Plate 36/i) 1,300 

1" bolt, 5'' from center to center, bearing surface double that of above rivet 

(see Plate 34d) 1,500 

li" bolt, b" from center to center, bearing surface double that of above rivet 

(see Plate 356) 1,650 

By comparing the above, it will be seen that there was a gain of from 
23 to 36.2 per cent, in favor of the button-head over the ordinary low 
conical head. Also the percentage in strength over all was largely in 
favor of the nuts, which would be of value in surfaces not exposed to the 
action of extreme heat and flame, experience having shown that the dif- 
ficulties in preventing leakage around the thread and the burning away 
of the nuts materially affects their durability and eflSciency. 

Want of time prevents the discussion of all the experiments in regard 
to the resistance of screw stay-bolts in fiat surfaces. But in reference to 
iron and low steel bolts, and iron and low steel plates, and copper plates 
and iron bolts, after a careful examination of the results of these experi- 
ments in particular, we are satisfied that the following formulae will cor- 
rectly and safely represent the working strength of good material in flat 
surfaces, supported by screw stay-bolts with riveted button-shaped 



heads or With nuts, when the thickness of the plates forming said sur* 
fabces and the screw stay-bolts are madie in accordance with the dimen* 
sions and conditions given in table Y. W= safe- working pressure; 
T= thickness of plate 5 d=: distance from center to center of stay-bolt : 

For iron plates and iron bolts W=24000 ^ 

Xa 
For low steel plates and iron bolts W=25000 ^ 

T» 
For low steel plates and low steel bolts W=28000 s- 

For iron plates and iron, bolts, with nuts W=s40000 sf 



For copper plates and iron bolts W=: 14500 



To obtain the ultimate bui'sting pressure, multiply the results of the 
above formulsB by 8, which is the factor of safety used. 

Table T. — Dimensions and conditions for making iron and low steel screw stay-holts for 
flat surfaces subject to internal pressure for distances ranging from four to eight inche9 
(inclusive) from center to center of stay-bolt 
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The rivet-heads to be a segment of a sphere, formed by first upsetting 
the end of the bolt with a few quick, sharp blows of the hammer, then 
finished to shape with the hammer and button-head set. Where nuts 
can be used instead of riveted, heads, they should be of the standard 
size, suited to the diameter of the bolt, faced on the side bearing on the 
plate, and dished out so as to form an annular bearing surface of as large 
a diameter as the nut wiU allow, and of a breadth and depth given in 
the table. Before securing the nut in place the dished portion should 
be fiUed with red-lead putty made stiff with ^we iron borings. 
Eespectfully submitted. 

JAMBS P. SPRAGUE, 

Chief Engineer^ U. 8. N* 
G. E. TOWER, 
Passed Assistant Engineer, U. 8* N". 

Engineer-in-Ohief W. H. Shock, TJ. S. K, 

Navy Department^ Washington^ D. C. 
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